concentrated solutions in their reaction bath.
We first extend the Zimm-Stockmayer mean field theory to such properties as elasticity and concentration correlations. We then take this mean field theory as a basis for a Flory approach. In a dilute solution, we recover previous results by Isaacson and Lubensky in a good solvent. In a theta solvent, the critical dimension above which the mean field approach is valid is 6. The exponent for the molecular weight dependence of the radius of gyration, R ~ N03BD, is 03BD = 7/4 (d + 1), where d is the dimension of space. In a melt the polymer chains overlap very weakly, leading to an exponent 03BD = 1/d. In all these regimes, we give scaling laws for the local properties of the chain, and we study the cross-over to linear chain behaviour when the branching fraction is reduced. [1] [2] [3] [4] [5] . In their pioneering work, Zimm and Stockmayer [6, 7, 18] considered the case when no excluded volume is present, so that two monomers can be on the same site. Their result is that the radius of a chain is proportional to N 1/4 a, N being the number of statistical units and a the step length. Introduction of the excluded volume effects leads to a swelling of the molecule. As a result, the radius behaves like NV a, where the exponent v has to be at least equal to d -1 (d being the dimension of space) for large polymerization indices.
These branched polymers have recently been related to the « lattice animals » which appear in the percolation problem [4, 8, 9] . Thus [4] .
In this paper, we would like to study the statistics of monodisperse randomly branched polymers in their reaction bath both in the dilute and the concentrated limits, emphasizing on the radius of gyration and the pair correlation function inside the chains. This study is essentially based on a Flory type approach [10, 11J. Using this method, de Gennes [3J has evaluated the critical dimensions de for a dilute solution in a good solvent, for a monodisperse melt, and for the gelation problem which corresponds to a polydisperse concentrated solution with a very specific molecular weight distribution. Isaacson and Lubensky [2] also used the same Flory arguments to calculate the exponent v of the radius of gyration both in a good solvent and a monodisperse melt. We recover their result for a dilute branched chain in a good solvent but our value for the melt is in disagreement with theirs.
On the experimental side it is not clear whether it is actually possible to get completely randomly branched polymers. ( We will specify later on what we mean by completely random.) However one may reasonably assume that in certain cases the branching is sufficiently random [7] and that the branched polymers behave as randomly branched polymers. The exclusively of trifunctional units. In the process, the step length has become the blob with size ç (see Fig. 1 ). The radius of gyration is then :
When Il becomes of the order of N -1, there is only one blob, and there is a smooth cross-over from the highly branched behaviour relation (la) to the behaviour of an ideal linear gaussian chain, equation ( 1 b A much more interesting way to define an elasticity -which will be useful in the swelling of the chain -is to define a process involving all the monomers of the molecule. Such an elasticity may also be used in the study of such properties as excluded volume effects within the framework of a mean field theory, and of chain conformation in certain velocity gradients.
The simplest way to define such an elasticity seems to put all the monomers in a harmonic potential where Si is the distance from monomer i to the centre of mass of the chain. In this section we calculate the free energy of a chain in such a potential.
The partition function of the chain in the external potential V is expanding (14) theory (1), (4), (9) [17] . A deeper understanding of this result, equation (12) , can be given by a blob analysis : let us again group the monomers in subunits of n monomers (n -A -1 being the average number of bifunctional monomers between trifunctional units). We call blobs these subunits. In a good solvent, such blobs are swollen and the radius ç of a blob is Considering the polymer as a randomly branched chain of 3 functional blobs with elementary length ç we get a radius Note that for dimensions between 4 and 8, the blobs consisting of linear chains are not swollen any more [11, 10] , and leading to a radius of gyration (2) (14) crosses over smoothly to (13) and to the ZimmStockmayer [6] expression (1) If we decrease A, when 039B ~ N -1, we recover the cross-over to the linear chain behaviour. Note that in the process, the non overlapping regime disappears, as C * and C coalesce (see Fig. 4 ). Finally, with these results in hand, we may calculate the thickness of the interfacial layer in the overlapping regime described in the previous section (region 3 of figure 4) . The [3] and Isaacson and Lubensky [2] especially about the upper critical dimension above which the classical Zimm-Stockmayer [6] results are valid. The critical dimensions are respectively 8, 6 and 4 for a single chain in a good solvent, a thêta solvent and the melt. Below these critical di'mensionse we gave the scaling laws for the radius of gyration and the pair correlation function. Our result in the melt is different from what is found in reference [2] : we find that the molecules are collapsed, and thus the exponent for the power law dependence of R on the molecular weight (R -NV a) is d - figure 1 for a single chain. The size 03BEc, of this blob is much larger than that of a linear blob 03BE. In this regime (III in Fig. 4) there is no overlap of the molecules. (b) For higher concentrations, or smaller A, the concentration blob has a linear structure. Its size C;c is smaller than the average distance ( between 3-functional units. In this regime (IV in Fig. 4) The problem now is to count the number of configurations in which monomer q belongs to the chain ij. In order to do so, following Kramers [19] we cut the chain at monomer q. The probability of getting two parts of n and N -n monomers is proportional to Zn ZN-m and in this case, we have 2 n(N -n) choices for the pair i, j (i has to belong to one part of the chain, j to the other). The average radius of gyration is then which is Kramers' formula.
Inserting the relation for Z,, and Z,-,, is (A. 12)
we recover the Zimm-Stockmayer result (Eq. (1)).
Appendix B : Elastic free energy of the chain. - We have to calculate the centred correlations of the squared radius of gyration, Ri &#x3E; -RJ &#x3E;2. In order to do so, we generalize Kramers' formula (A. 12) to this problem [18, 19] . (i) terms of the form (bqij)2 (bqkl)2 with q and q' belonging respectively to the sequences (i, j) and (k, 1). Summing over these terms gives back ( R¿ )2.
(ii) terms of the form (b1j b1j)2 where both q and q' belong either to (ij) or to (kl). Each of these krms has a contribution a2/3.
Then we can write with the above prescription for q and q'. In order to calculate the sum, we cut the polymer in 3 parts. The probability of having n monomers in the first part and p in the last is proportional to Zn Zp ZN-n-p' The number of choices is 4 n2 p2 (see Fig. 2 ). The summation over q and q' brings in a factor N(N -n -p). So The important point here is that Ri; ) -RI &#x3E;' scales both in N and Il in the same way as Ra )2.
The elastic free energy for a randomly branched polymer is then
